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Abstract 
A new technical and political awareness on safety driving and reduction of environmental impact have increased the use of 
coloured asphalt pavements in road construction. 
A clear asphalt mixture (CAM) for wearing courses, designed and laid down during the rehabilitation of an Italian tunnel, was 
subjected to the acceptance inspection, mechanical characterization and determination of photometric properties. Traditional 
and performance-based tests were carried out to determine the failure resistance, compactability, stiffness, abrasion resistance 
and water sensitivity of the CAM. Luminance and reflection properties of CAM were measured and compared with those of 
HMA in order to assess possible lighting benefits.  
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1. Background 
In the last few years, the increasing sensibility to environmental issues has required a better integration of road 
networks in environmentally sensitive regions [1]. Indeed, the development of innovative and advanced road 
construction techniques are mainly intended to mitigate the impact of infrastructures on the surrounding area.  
The production of “coloured” asphalt mixtures for road pavements plays a significant role to satisfy 
environmental, esthetical and functional aspects.  
Two types of coloured asphalt pavement (CAP) have been mainly used: light-coloured pavements and 
pigmented pavements. The former consists in using a “clear binder” to cover and bind the aggregates instead of 
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traditional “black” bitumen. The transparence of these binders allows the natural colour of mineral aggregates to 
be exalted with consequent better integration of the road in areas characterized by appreciable landscapes or 
historic-cultural importance. The latter are obtained by blending the clear binder with pigments in the asphalt 
mixture or using artificially coloured aggregates to provide a specific aesthetic features of a road. 
In detail, CAP are used:  
x to enhance visibility and driving safety on intersections, ramps, shoulders and bridges,  
x to improve the effect of the road illumination,  
x to reduce lighting costs in tunnels,  
x to indicate differences in pavement functions such as bus lanes, sidewalks, crosswalks, cycle track, park 
footpath and pedestrian precincts according to an efficient traffic management program [2], 
x to improve urban appearance and to harmonize urbanized areas,  
x to express the local community’s individuality and to infuse a sense of liveliness and peace of mind [2]. 
The use of CAP is also recognised as a valid mitigation strategy of the urban heat island. In fact, their higher 
reflectance characteristics during warm and sunny periods compared to those of traditional asphalt pavements, 
reduce the absorbed solar radiation and allow the paved surface to be cooler under the sun. This results in a 
reduction in heat convection from pavement to air with consequent decreasing of ambient air temperature [3]. In 
addition, their high reflectivity makes CAP less prone to overheating in summer, resulting in less distresses and 
increased durability of pavement [4]. 
The clear binders can be produced through three different methodologies concerning bitumen modification 
based on the extraction of asphaltenes that are considered responsible of dark colour of bitumen [5], production 
of synthetic binders by means of special and naturally transparent polymeric materials [6, 7, 8] and blending 
proper resins with bio-oils or organic renewable raw materials of vegetal origin [9, 10]. Even though these types 
of materials cannot be considered bituminous materials, they show rheological properties similar to bitumens,  
hence suitable for road applications [5]. Nevertheless, the binder type and composition [6, 11] as well as 
processing conditions [6] affect the mechanical behaviour of such materials. Since the in-service performance of 
asphalt pavements are tightly related to the rheological behaviour of materials forming the structure, a proper 
mechanical characterization aimed to a better understanding of the behaviour of coloured asphalt mixtures is 
needed. 
Previous studies [2, 12, 13] showed that, nowadays, the clear binder and the corresponding clear asphalt 
mixtures (CAM) may reach performance similar to traditional bitumen and hot mix asphalt (HMA). 
2. Introduction 
The road administration of the Autonomous Province of Bolzano manages a road network of about 2700 km, 
including 1758 bridges and 178 tunnels. 
In the last years, the lighting system of several tunnels has required to be renewed, hence a comprehensive 
study on the lighting and safety driving evaluation has began also involving the road pavement structure. Indeed, 
the luminance properties of the road surface, being made visible by light reflected from roads and entering the 
eye of the driver, become an integral part of the lighting design process. 
The tunnel is 150 m long. The road pavement is a two-lane carriageway facility and it is subjected to an 
average daily traffic of about 3000 vehicles. Fig. 1 (a) shows the chromatic difference between the old traditional 
asphalt pavement and the new CAP, whereas Fig. 1 (b) and (c) depict the appearance differences between the 
tunnel before and after the rehabilitation.  
The present paper shows a laboratory investigation carried out on a CAM designed and laid down as wearing 
course of an Italian tunnel located in Ortisei (Autonomous Province of Bolzano). The laboratory investigation 
aimed to evaluate the suitability of CAM in terms of mechanical characterization and photometric analysis. 
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Fig. 1. (a) Chromatic difference between HMA and CAP; (b) Ortisei tunnel before the rehabilitation; (c) Ortisei tunnel after the rehabilitation 
3. Materials 
In this study a dense graded CAM for wearing course was sampled in field and analysed through a laboratory 
investigation. The mixture was produced in a mix-plant using dioritic coarse aggregate (40% by aggregate 
weight), fine limestone aggregates (52% by aggregate weight), a specific filler (8% by aggregate weight) and a 
clear binder (5% by aggregate weight). In particular the filler, consisting of 97% of CaCO3 and 0.2% of Fe2O3, 
came from marble quarry and it is characterized by a distinct whiteness. In addition, powdered titanium dioxide 
(1% by aggregate weight) was used to highlight the whiteness of the CAM. 
A preliminary analysis was performed on the CAM to evaluate its composition. Fig. 2 shows the aggregate 
gradation of the in-situ sampled CAM and the reference grading envelope [14]. 
The adopted clear binder was produced by modifying the process of the bitumen production. In this case the 
production process of the bitumen is integrated by successive phases which involve the extraction of asphaltenes 
and the blending of polymers. The asphaltenes, which are responsible for the black colour of bitumen, are 
removed, leaving the binder mainly composed of aromatics, satures and resins. The polymers are then blended to 
these light fractions of the bitumen in order to restore an appropriate consistence and mechanical stability. As it 
can be observed in Table 1, the clear binder shows consistency and resistance to short term aging similar to those 
of a traditional bitumen. Moreover, the addition of radial elastomeric polymers allows high elastic property to be 
achieved.    
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Fig. 2 Aggregate gradation of  CAM in comparison with the grading envelope for wearing course 
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Table 1. Clear binder properties 
Characteristics Method Value 
Penetration at 25°C [dmm] EN 1426 56 
Softening point [°C] EN 1427 53 
Fraass breaking point [°C] EN 12593 -10 
Elastic recovery [%] EN 13398 91 
Dynamic viscosity at 160°C [mPa·s] EN 13302 396 
Dynamic viscosity at 135°C [mPa·s] EN 13303 1330 
Dynamic viscosity at 100°C [mPa·s] EN 13304 9800 
Characteristics after RTFOT - EN 12607-1 Method Value 
Change of mass [%] EN 12607-1 -0.28 
Retained penetration at 25°C [%] EN 1426 82 
4. Experimental program 
The experimental program (Table 2) was intended to evaluate the mechanical, volumetric and photometric 
characteristics of  the CAM. The laboratory investigation was divided into two phases: the first one including 
traditional tests and stiffness tests on specimens compacted by means of a Marshall Compactor (MC) and Shear 
Gyratory Compactor (SGC), the second one based on luminance and reflection tests (LRT) measured on slabs 
compacted through a roller compactor (RC). 
Table 2. Experimental program 
Test Preconditioning Compaction method and energy Repetitions European standard 
MT dry MC - 75 blows/face 4 EN 12697-34 
ITT dry MC - 75 blows/face 4 
ITT dry SGC - 100 gyrations 4 
EN 12697-23 
ITT dry MC - 25 blows/face 4 
ITT wet MC - 25 blows/face 4 
EN 12697-12 
CAN dry MC - 50 blows/face 4 
CAN wet MC - 50 blows/face 4 
EN 12697-17 
IT-CY dry SGC - 100 gyrations 10 EN 12697-26 
LRT dry RC 8 EN 1436, EN 10439 
Traditional tests, consisting of Marshall test (MT), indirect tensile test (ITT) and Cantabro test (CAN), and 
performance-based tests, consisting of indirect tensile stiffness modulus test (IT-CY), focused on comparing the 
compliance of this innovative material with the Italian technical specifications [14].  Moreover, ITTs and CANs 
were carried out both in dry and wet condition in order to assess the influence of water on the strength and 
abrasion resistance. The use of the two compaction techniques and several compaction energies for cylindrical 
specimens allowed the compactability of CAM to be evaluated. Indeed, a volumetric analysis was performed on 
each specimen to determine the residual air voids content according to EN 12697-8. 
The photometrical characterization of CAM was focused on the determination of the luminance and reflection 
properties complying with EN 1436 and EN 10439.   
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5. Testing methods 
Indirect tensile test was performed by means of a servo-hydraulic testing machine to determine the failure 
resistance (EN 12697-23) and the water sensitivity (EN 12697-12) of the CAM. The test was carried out at 25°C 
after a specimen preconditioning period of 4 hours at the same temperature. The equipment applies a 
compression force along the two generatrix until the specimen reaches failure. The load was applied in a 
continuous manner with a constant speed of displacement of 50 mm/min. The indirect tensile strength (ITS) is 
calculated as the ratio between the maximum failure tensile stress and the area of the vertical section of the 
specimen. The water sensitivity was determined in terms of indirect tensile strength ratio (ITSR). In this case 
specimens were divided into dry and wet subsets. The dry subset was conditioned at 25°C for 4 hours in an air 
chamber before testing. The wet subset was tested after an additional preconditioning in water of 72 hours at 
40°C according to the procedure EN 12697-12. The ITSR was define as the ratio between the ITS of wet 
specimens and that of dry specimens, expressed in percent. 
The same servo-hydraulic testing machine was used to carry out Marshall test according to EN 12697-34. 
Cantabro tests were carried out at 25°C according to EN 12697-17 in order to determine the abrasion 
resistance of the CAM. The test requires the specimens to be placed in the Los Angeles drum (with no metal 
balls) and the percentage of weight loss (WL) after 300 revolutions at a speed of 30 rpm is measured. WL is the 
key indicator of the abrasion resistance of the investigated mixture. The test was also performed on specimens 
previously subjected to 72 hours of water immersion at 40°C (EN 12697-12) to assess the influence of water on 
abrasion resistance [15]. The change in WL after water immersion was considered to evaluate the moisture 
susceptibility of the CAM.  
Indirect tensile stiffness modulus (ITSM), according to EN 12697-26, was determined using a servo-
pneumatic testing machine. The test was carried out at 20°C, which better represents the average annual 
temperature of Italy. The applied impulsive load, with a rise time of 124 ms, was adjusted to achieve a target 
horizontal deformation of 5 m. The measurements were repeated across three diameters and an average ITSM 
of five test pulses was calculated for each specimen. 
Moreover, being stiffness modulus a non-destructive test, a set of four specimens after this test were submitted 
to additional ITTs. 
The luminance (L) of CAM was determined by a luminance meter. The measurements were performed on 
slabs produced with CAM and HMA. The luminance meter uses extremely accurate optics and electronics. The 
optical system reduces flare, so that measurements are virtually unaffected by light sources outside the indicated 
area. The signal from the sensor is processed by the built-in microcomputer. For a comparative evaluation the 
luminance was determined under fixed testing conditions (relative position slab/equipment and surrounding 
lighting). 
The night visibility (RL) and the day visibility (Qd) were measured by a retroreflectometer on slabs produced 
with CAM and HMA. The  retroreflectometer provides an observation angle of 2.29°, that simulates the position 
of a driver at a sighting distance of 30 m with eyes height of 1.2 m from the pavement. In the case of RL 
measurements the illumination angle was 1.24° that simulates the condition of a driver using dipped headlights at 
0.65 m from the pavement, at a sighting distance of 30 m with eyes height of 1.2 m. 
6. Analysis of results 
6.1. Compactability 
The volumetric characterization of specimens was performed in terms of residual intergranular air voids 
measured after compaction. In order to calculate the air void content (AVC) of compacted specimens, the 
maximum density of loose mixture was preliminarily determined following EN 12697-5. Subsequently, the bulk 
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density of each specimen was determined according to EN 12697-6, performing the saturated surface dry method 
for well-compacted specimens (75 and 50 blows per face and 100 gyrations) and the geometric method for poor-
compacted specimens (25 blows per face) respectively.  
Table 3 lists the average AVC values obtained by using the Marshall and SGC equipments. 
Table 3. AVC considering different compaction methods and energies (average values) 
 Marshall compactor Shear Gyratory compactor 
Loose mixture 75 blows 50 blows 25 blows 100 revolutions 
Umax        
(g/cm3) 
Ussd 
(g/cm3) 
AVC  
(%) 
Ussd 
(g/cm3) 
AVC  
(%) 
Ussd 
(g/cm3) 
AVC   
(%) 
Ussd   
(g/cm3) 
AVC     
(%) 
2.426 2.333 3.83 2.300 5.19 2.232 8.00 2.351    3.09 
From Table 3, it can be noted that the AVC corresponding to 75 blows per face and 100 gyrations meets the 
requirements of the technical specifications for a traditional wearing course (AVC = 3 ÷ 6%), denoting that CAM 
ensured an adequate compactability. Moreover, the results show that the AVC experiences significant change 
depending on the compaction energy. In particular, the AVC significantly decreased with the increase in number 
of blows. Likewise traditional HMA, CAM is a sensitive material to compaction energy. 
As far as the AVC determined by SGC is concerned, the results show a higher compaction grade as compared 
to Marshall method. This confirms the better efficiency of SGC technique on the bulk density of asphalt mixture 
specimens. 
 
6.2. Resistance to failure e water sensitivity 
Table 4 reports the ITS values for specimens compacted through MC and SGC. The values obtained in terms 
of ITS and ITSR are compared with the respective specification requirements for a traditional wearing course. 
Table 4. ITS test results (average values) 
Compaction Method Compaction Energy Condition ITS (MPa) Specification 
75 blows per face dry 1.60 > 0.70 
dry 0.93 MC 
25 blows per face 
wet 0.92 
ITSR > 80% 
SGC 100 gyrations dry 1.49 > 0.60 
From Table 4, it can be noticed that the CAM satisfies the requirement of failure resistance for both 
compaction methods. In particular, the 25 blows compacted specimens show an appreciable resistance to failure 
even though they are characterized by a rather open structure (AVC = 8%). The comparison between specimens 
compacted by means of MC and SGC does not show a significant difference in terms of ITS.  
As far as the water sensitivity is concerned, it can be asserted that the CAM after wet conditioning does not 
experience any decrease in ITS. In fact, the ITSR value calculated was approximately equal to 100% meaning 
that the presence of water does not affect the failure resistance of CAM. Therefore the clear binder and the high 
dosage of filler ensure good cohesion and adhesion properties to the mixture. 
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6.3. Marshall stability and quotient 
Stability and quotient values, obtained by performing Marshall tests, were investigated in order to verify the 
suitability of the CAM according to the technical specifications for a traditional wearing course. 
Table 5 summarizes the results in terms of Marshall stability, flow and quotient. 
Table 5. Marshall test results 
Marshall test 
Specimen Stability S   
(kN) 
Flow F       
(mm) 
Quotient Q 
(kN/mm) 
M1 8.8 4.0 2.2 
M2 9.3 4.4 2.1 
M3 7.5 5.7 1.3 
M4 7.3 5.7 1.3 
Average 8.2 5.0 1.7 
St. Deviation 1.0 0.9 0.5 
In spite of appreciable ITS at 25°C (Table 4), the low Marshall stability and quotient values and the high flow 
value indicate that CAM seems to show a propensity to plastic behaviour when the testing specimen temperature 
rises to 60°C. This finding highlights the need to undertake a specific investigation on the resistance to permanent 
deformation of CAM with particular emphasis to high temperatures. 
6.4. Resistance to abrasion 
Table 6 shows the WL of each specimen and the average WL for dry and wet series.  
CAM achieved good results in terms of WL in both dry and wet conditions. A lightly higher WL is observed 
in wet condition, as it occurs for traditional dense graded bituminous mixtures [15]. The results confirm that the 
water is not detrimental for the CAM. This result depends on the dense grade structure of CAM (AVC = 5.19% 
under 50 blows per face) and the behaviour of clear binder that seems not to suffer the softening action of water. 
Table 6. Evaluation of abrasion resistance 
Dry Condition Wet Condition 
Specimen Winitial (g) Wfinal (g) WL (%) Specimen Winitial (g) Wfinal (g) WL (%) 
CD1 1134.6 1074.7 5.3 CW1 1137.3 1062.7 6.6 
CD2 1128.0 1061.3 5.9 CW2 1141.6 1075.5 5.8 
CD3 1136.9 1064.3 6.4 CW3 1127.5 1038.3 7.9 
CD4 1134.4 1089.9 3.9 CW4 1092.2 1009.2 7.6 
Average   5.4 Average   7.0 
St. Deviation   1.1 St. Deviation   1.0 
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6.5. Stiffness modulus 
The Table 7 lists the ITSM values at 20°C obtained on SGC compacted specimens. As shown in Table 7, the 
ITSM values are comparable with that of a HMA for wearing courses denoting suitable performance for the 
specific use.  
It is right and fair that further tests have to be carried out at different temperatures to evaluate the thermal 
sensitivity of CAM. 
Table 7. Stiffness test results at 20°C 
Specimen ITSM (MPa) Specimen ITSM (MPa) 
1 3963 6 3845 
2 4108 7 4490 
3 4353 8 4031 
4 4094 9 3916 
5 4100 10 3493 
Average   4039 
St. Deviation   273 
6.6. Photometric properties 
The photometric properties of CAM were evaluated in terms of luminance, luminance coefficient in diffuse 
lighting, coefficient of reflection and luminance factor.  
The luminance L is used to indicate the emission or reflection from flat surface. In detail the luminance 
quantifies the luminous power perceived by a driver’s eye looking at the surface from a specific angle of view. 
The luminance represents the luminous intensity per unit area of light travelling in a given direction. 
The luminance coefficient in diffuse lighting Qd is defined as the ratio between the luminance of the measured 
area in diffuse lighting and the lighting on area of measurement. The luminance coefficient in diffuse lighting is 
intended to measure the reflection of the light on a pavement as seen by drivers during the day or under artificial 
lighting.  
The retroreflectivity is the reflection in which the luminous flux is returned in direction close to the direction 
from which it is projected. The retroreflectivity value is represented by the coefficient of reflection RL, that is 
defined as the ratio of the luminance of the surface in illumination from a single light source and the illuminance 
at the surface generated by the light source and measured on a plane perpendicular to the direction of 
illumination. The coefficient of reflection represents the luminance of a pavement perceived by drivers using 
vehicle lights. 
The luminance factor E is the ratio between the luminance of the surface in a given direction and the reference 
luminance of a white surface totally diffusing as both surface are subjected at the same illuminance.  
Table 8 reports the results recorded for CAM. As comparison, Table 9 shows the same characteristics for 
HMA. By comparing the results from both tables, the photometric property values of CAM are significantly 
higher than HMA. This means that road surface is made more visible to the eye of the observer [16]. 
The use of CAM allows a more efficient road lighting installation and luminance distribution ensuring the 
optimization of the illumination plant and energy cost. 
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Table 8. Photometric properties of CAM 
Measure RL (mcdǜm-2ǜlx-1) Qd (mcdǜm-2ǜlx-1) E L (cdǜm-2) 
1 30 105 0.21 20.2 
2 31 103 0.24 20.7 
3 36 70 0.22 19.8 
4 34 102 0.23 21.0 
5 38 71 0.19 19.5 
6 20 65 0.27 21.2 
7 23 102 0.22 18.7 
8 24 79 0.25 19.6 
Average 30 87 0.23 20.1 
St. Deviation 7 17 0.03 0.8 
Coef. of Variation 0.22 0.20 0.11 0.04 
Table 9. Photometric properties of HMA 
Measure RL (mcdǜm-2ǜlx-1) Qd (mcdǜm-2ǜlx-1) E L (cdǜm-2) 
1 1 49 0.02 2.6 
2 5 19 0.03 2.8 
3 3 29 0.02 3.9 
4 1 22 0.04 3.4 
5 3 31 0.03 3.3 
6 2 39 0.04 3.4 
7 3 37 0.03 3.2 
8 45 34 0.04 3.2 
Average 3 87 0.23 3.2 
St. Deviation 2 17 0.03 0.4 
Coef. of Variation 0.54 0.20 0.11 0.12 
7. Conclusions 
The present paper deals with an investigation on CAM used during the maintenance works of an Italian tunnel 
located in Ortisei (Autonomous Province of Bolzano) in terms of mechanical characteristics and photometric 
properties. In particular, a dense graded CAM for wearing course was sampled in field and analysed through a 
laboratory characterization based on traditional and performance-based tests. 
Preliminary volumetric analysis on Marshall and gyratory compacted specimens showed that CAM ensured an 
adequate compactability and denoted a significant sensitivity to compaction energy similarly to traditional HMA. 
CAM showed good resistance to failure and abrasion satisfying the common requirement for traditional 
wearing courses. The stiffness properties at 20°C of CAM  are comparable with that of a HMA for wearing 
courses denoting suitable performance for the specific use. 
Moreover, the good abrasion and failure resistance after water immersion meant that the detrimental action of 
water did not affect the cohesion and adhesion bonds between clear binder and aggregates thus implying the low 
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water sensitivity of CAM. 
Although previous tests highlighted the good performance of investigated mixture, the poor Marshall results 
indicated a possible propensity to plastic behaviour of CAM at the higher temperatures, suggesting a proper study 
on temperature sensitivity and permanent deformation resistance of material. 
The appreciable values of photometric properties of CAM allows the optimization of the road lighting design 
in tunnel leading to a reduction of the illumination plant and energy cost. 
In conclusion, the results obtained in this study supports the use of CAM also in busy roads for specific 
environmental and safety purposes. Moreover CAM can be considered a sustainable alternative to HMA, with 
particular emphasis to tunnel pavements, where the higher material cost can be justify by a favourable 
optimization of road lighting. 
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